The corticosteroid used in the pulses was that assigned at induction. Overall, 411 patients were ran-domly assigned: 202 initially randomly assigned to PRED (60 mg/m 2 /d), 201 to DEX (6 mg/m 2 /d), and 8 nonrandomly assigned to PRED. At a median follow-up of 6.3 years, there were 19 versus 34 events for pulses versus no pulses; 6-year disease-free survival (DFS) rate was 90.6% (standard error [SE], 2.1%) and 82.8% (SE, 2.8%), respectively (hazard ratio [HR] ‫؍‬ 0.54; 95% confidence interval, 0.31-0.94; P ‫؍‬ .027). The effect of pulses was similar in the PRED (HR ‫؍‬ 0.56) and DEX groups (HR ‫؍‬ 0.59) but more pronounced in girls (HR ‫؍‬ 0.24) than in boys (HR ‫؍‬ 0.71). Grade 3 to 4 hepatic toxicity was 30% versus 40% in pulses versus no pulses group and grade 2 to 3 osteonecrosis was 4.4% versus 2%. For average-risk patients treated according to Berlin-Frankfurt-Muenster-based protocols, pulses should become a standard component of therapy. This trial was registered at www.clinicaltrials.gov as #NCT00003728. (Blood. 2010;116(1):36-44) 
Introduction
Continuation treatment in childhood acute lymphoblastic leukemia (ALL) relies on a combination of daily thiopurine and weekly methotrexate. Some evidence supports a relation between higher doses of these drugs during continuation therapy and a better outcome. 1, 2 Clinical studies performed in the 1970s and 1980s showed that treatment intensification during maintenance improved the outcome of nonintensive protocols. 3, 4 Among the combinations added to the thiopurine-methotrexate basic continuation therapy, reinductions of vincristine (VCR) and prednisone (PRED) have often been used and have improved treatment outcome for some patients. 5 A large retrospective analysis by the Childhood ALL Collaborative Group 6 suggested that for patients at standard or intermediate risk of relapse receiving a treatment regimen of moderate intensity, the addition of VCR ϩ PRED pulses to continuation therapy did improve the disease-free survival (DFS) from 59.5% to 68.9%.
The Dutch Childhood Leukemia Study Group ALL VI nonrandomized study for non-high-risk patients, based on the Pinkel St Jude Total Therapy approach, used dexamethasone (DEX) instead of PRED during induction and frequent VCR ϩ DEX reinduction pulses throughout continuation therapy (14 days every 7 weeks). 7 The high cure rate achieved in this study-an event-free survival at 8 years of 81% (standard error [SE], 3%)-and the low incidence of central nervous system (CNS) relapse were partially attributed to the use of DEX in induction and in pulses.
Pulses of VCR and PRED had been evaluated in one randomized Berlin-Frankfurt-Muenster (BFM) trial, but the results were inconclusive because the insufficient patient accrual precluded the achievement of adequate statistical power. 8 In the late 1990s, the European Organisation for Research and Treatment of Cancer-Children's Leukemia Group (EORTC-CLG) started a randomized trial in patients with ALL and lymphoblastic non-Hodgkin lymphoma (NHL) addressing 3 questions: (1) the value of PRED (60 mg/m 2 /d) versus DEX (6 mg/m 2 /d) in induction for all patients;
(2) the value of prolonged courses of L-asparaginase throughout consolidation and late intensification in non-very-high-risk patients; (3) the value of VCR ϩ corticosteroid pulses added to continuation therapy in patients of average risk (AR). To prevent an interaction between the first and the third randomization, the corticosteroid of the pulses was that assigned at first randomization. Moreover, the patients in the DEX arm were to be included in a large intergroup trial (I-BFM-SG ALL IR 95) 9 addressing the same question, ie, whether VCR ϩ DEX pulses could improve the DFS of intermediate risk (IR) patients. At the end of 2002, however, a preliminary analysis of the intergroup trial results suggested that the pulses would fail to provide any benefit. Therefore, the EORTC regulatory authorities decided to stop the CLG trial for futility. However, although the total accrual of patients has accordingly been markedly reduced compared with that initially expected, the final analysis of the CLG trial now shows data robust enough to belie this prediction of futility.
Methods

Patients
Patients younger than 18 years of age with previously untreated ALL or NHL were eligible for the trial. The diagnosis of ALL or of NHL was based on morphologic, cytochemical, and immunophenotypical criteria. ALL of French-American-British L3 morphology and diffuse large cell B-cell lymphoma, Burkitt lymphoma, and high-grade B-cell lymphoma Burkittlike were excluded, as well as patients previously treated with corticosteroids for more than 7 days.
Immunophenotype was determined with standard techniques, and positivity for a marker required its presence in more than 20% of the lymphoblasts if on the surface or in more than 10% if in the cytoplasm. Chromosome analysis used standard techniques. Bone marrow (BM) smears, immunophenotypes, and cytogenetics were reviewed centrally.
Patients were assigned to different risk groups: very low risk (VLR), AR, and very high risk (VHR). VLR was defined as white blood cell (WBC) counts below 10 ϫ 10 9 /L, hyperdiploid karyotype (Ͼ 50 chromosomes in each leukemic cell), and DNA index greater than 1.16, and no CNS or gonadal involvement. VHR criteria consisted of blast counts in peripheral blood of 1 ϫ 10 9 /L or greater at completion of the prephase, t(9;22), t(4;11), or another mixed-lineage leukemia rearrangement, near-haploidy (Ͻ 34 chromosomes), acute undifferentiated leukemia, failure to achieve complete remission, or minimal residual disease greater than 10 Ϫ2 (Ͼ 1000 blasts/100 000 mononuclear cells) at completion of induction. 10, 11 AR patients were all children without VLR or VHR characteristics, and they were subdivided in AR1 and AR2 patient groups.
The AR1 group consisted of all patients with B-cell lineage ALL with WBC counts below 100 ϫ 10 9 /L or with initial surreptitious or hemorrhagic cerebrospinal fluid (CSF) becoming negative at day 4 of the prephase. Patients with B-cell lineage ALL with WBC counts above 100 ϫ 10 9 /L or patients with T-cell lineage ALL were classified as AR2. All patients with gonadal involvement, overt or nonequivocal CNS involvement at diagnosis or any CNS involvement at day 4 were also included in the AR2 group.
Informed consent from the parents or the legal guardian was provided before entry in the study according to the Declaration of Helsinki. The protocol was approved by the EORTC Protocol Review Committee and by the local institutional ethical committees in each participating center.
Definitions
CNS disease was graded according to the classification proposed by Pui and Howard. 12 CNS-1 was defined as no detectable blast cells in the CSF. CNS-2 accounted for fewer than 5 leucocytes/L with detectable blast cells in the centrifuged preparation of CSF, and CNS-3 was for 5 or more leucocytes/L with identifiable blast cells or the presence of ALL or NHL-related cranial nerve palsy.
Complete remission (CR) was defined as disappearance of all symptoms and physical and radiologic signs related to the leukemia or to the NHL in combination with fewer than 5% leukemic cells in the BM with hematologic recovery and absence of blasts in the CSF.
Remission failure was defined as failure to reach CR at the completion of consolidation. Relapse was defined as the reappearance of more than 20% leukemic cells in the BM or of any leukemic cell at another site.
Toxicity was graded according to World Health Organization criteria. 13
Treatment
In this trial, the value of DEX versus PRED during induction and maintenance was evaluated, as well as the value of an increased number of administrations of L-asparaginase during consolidation (protocol IB) and during late intensification (protocol II) regarding outcome. Patients with AR characteristics were eligible for the third randomization: VCR ϩ corticosteroid pulses or no pulses during continuation treatment. The protocol was based on a BFM-like protocol, without cranial or local irradiation. The general scheme of the protocol is shown in Figure 1 . The strategy for AR patients is summarized in Table 1 and is based on induction-consolidation, CNS-directed therapy with high-dose methotrexate (MTX) and late intensification, followed by a continuation therapy of 74 weeks' duration.
The AR patients in CR at the end of the late intensification were randomly assigned to receive or not to receive, in addition to daily 6-mercaptopurine (6-MP) and weekly MTX for all, 6 "pulses" at intervals of 10 weeks during the first 60 weeks of continuation therapy. The pulses consisted of 7 days of corticosteroids, either PRED 60 mg/m 2 /d or DEX 6 mg/m 2 /d depending on the first randomization, and VCR 1.5 mg/m 2 on day 1 and day 7.
After 60 weeks, the same continuation chemotherapy, without pulses, was pursued during 14 more weeks. Because the addition of pulses and their toxicity could possibly jeopardize the continuous administration of 6-MP and MTX, to ensure that patients in both arms would nevertheless eventually receive the same cumulative dose of these drugs, the duration of continuous therapy was prolonged by the number of days during which the treatment had to be interrupted.
Statistical analysis
Patients were prospectively registered in the study at the time of diagnosis. At the time of beginning of continuation, patients eligible for the pulse question were randomly assigned at the EORTC Data Center, Brussels; randomization was stratified according to the treatment arm allocated at the first and second step, whether the prephase was randomized or not, risk group (AR1 or AR2), patient's sex, and center, using a minimization technique.
The primary end point was DFS for patients randomly assigned for the pulses or no pulses question. DFS was computed from the date of randomization until date of relapse or date of death or date last known to be alive (censored observation).
Overall survival (OS), secondary end point, was computed from date of randomization until date of death or date last known to be alive (censored observation). The additional secondary end point was evaluation of toxicity.
The Kaplan-Meier technique was used to compute the actuarial curve, and the SEs of the estimates were obtained by the Greenwood formula. The differences between curves were tested for statistical significance with the use of the 2-tailed log-rank test. To summarize the overall difference, the hazard ratio (HR) of having an event per time in one group versus the one in another group, along with its 95% or 99% confidence interval (CI), was estimated with the Cox proportional hazards model. 14 All analyses were performed according to the intent-to-treat principle. The SAS 9.1 software (SAS Institute Inc) has been used for the statistical analyses.
Results
From June 1999 until November 2002, 411 consecutive AR patients (384 ALL and 27 NHL) included in the EORTC 58951 trial were randomly assigned either to receive or not to receive pulses of VCR and corticosteroids during maintenance. The proportion of these AR patients was approximately 74.4% of the whole population; 12.6% and 13% were VLR and VHR patients, respectively.
Of the 205 patients in the no pulses group, 101 (49.3%) had been initially randomly assigned for PRED and 100 (48.8%) for DEX. In the pulses group, 101 of 206 children (49.0%) had been previously randomly assigned for PRED and 101 of 206 children for DEX and received the same steroid as the one they were originally assigned to. Eight patients registered in the trial but not randomly assigned for the first question had been assigned to PRED in induction.
The distribution of patient and disease characteristics was quite well balanced in the 2 treatment groups ( Table 2) . A slight imbalance regarding the initial WBC count was noticed.
Treatment applicability
Among 205 patients allocated to the no pulses group, 1 received 6 pulses by mistake ( Figure 2 ). A total of 191 patients completed the continuation therapy period; 10 discontinued maintenance because of an early relapse and 3 stopped treatment because of excessive toxicity (infection, hepatotoxicity, death due to varicella).
Among 206 patients allocated to the pulses group, 7 did not receive pulses. One child had an early relapse, 5 weeks after the randomization, and the first pulse should start on day 57. Two children did not start pulses because of previous toxicity; for one case the risk group changed from AR to VHR after randomization, and for another patient the parents refused the administration of pulses. Finally, 2 children were randomly assigned right before the amendment (closure of the third randomization) arrived, and their physician decided not to give pulses during maintenance.
A total of 191 patients completed the continuation therapy period with pulses and 8 discontinued the therapy period: 3 had an early relapse, 2 stopped pulses because of excessive toxicity (infection), 1 refused further pulses, and in 2 cases the randomiza-tion period ended after the fourth pulse and the physicians did not give the fifth and sixth pulses.
The mean daily administered dose of 6-MP (50 mg/m 2 /d) and MTX (20 mg/m 2 /wk) was not influenced by the administration of pulses. Their total cumulative doses were not substantially affected and were close to the expected doses (data not shown).
Efficacy
The DFS and OS curves, with a median follow-up of 6.3 years, are shown in Figure 3A and B. The 6-year DFS rate from randomization was 90.6% (SE, 2.1%) in the pulses group and 82.8% (SE, 2.8%) in the no pulses group (HR ϭ 0.54; 95% CI, 0.31-0.94; 2-sided log-rank P ϭ .027). There were 19 versus 34 DFS events for the pulses versus no pulses comparison: BM relapses (10 vs 16), CNS relapses (1 vs 4), another isolated relapse (2 vs 3), combined BM ϩ CNS relapses (2 vs 5), combined BM ϩ other relapses (4 vs 4), death in CR (0 vs 2) ( Table 3 ). One child died of a varicella infection in first CR during continuation phase and another child had a secondary myelodysplasia and died of treatment-related mortality (TRM) after stem cell transplantation. The 6-year OS rate was 94.3% (SE, 1.7%) in the pulses group and 91.1% (SE, 2.1%) in the no pulses group (HR ϭ 0.63; 95% CI, 0.29-1.34; 2-sided log-rank P ϭ .225).
The effect of pulses on DFS was similar in the PRED group (HR ϭ 0.56; 99% CI, 0.18-1.74; P ϭ .18) and the DEX group (HR ϭ 0.59; 99% CI, 0.22-1.59; P ϭ .17) ( Figure 4A-B ; Table 4 ).
Overall, girls have a better outcome than boys with a 6-year DFS rate of 92.6% compared with 81.2% (HR ϭ 0.40; 95% CI, 0.22-0.73; P ϭ .002) and an OS of 95.7% compared with 90.0% (HR ϭ 0.43; 95% CI, 0.19-0.97; P ϭ .035). The pulses effect seemed to be more pronounced in girls (HR ϭ 0.24; 99% CI, 0.04-1.25; P ϭ .015) than in boys (HR ϭ 0.71; 99% CI, 0.30-1.66; P ϭ .30) ( Figure 5A-B) . Remarkably, there seems to be a sex effect for the compartment in which the pulses effect was noticed. In girls the pulses effect was entirely because of a reduction of BM relapses, whereas the incidence of (isolated) CNS relapse was low in both arms. In contrast, in boys, the pulses reduced the incidence of isolated CNS and combined CNS relapses, whereas the BM relapses remained similar in the 2 arms (Table 5 ). For personal use only. on July 31, 2017. by guest www.bloodjournal.org From Two hundred forty-seven patients corresponded to IR criteria used in the intergroup trial 9 (I-BFM-SG ALL IR 95), ie, WBC count of 20 ϫ 10 9 /L or greater and age younger than 1 year or 6 years or older. One hundred twenty-eight and 119 of these patients were randomly assigned for the VCR ϩ PRED pulses and for the VCR ϩ DEX pulses, respectively. In IR patients there was an advantage of pulses on DFS, both in the VCR ϩ PRED group (HR ϭ 0.28;99% CI, 0.06-1. 22 Figure 1A-B , available on the Blood Web site; see the Supplemental Materials link at the top of the online article).
Toxicity
Data on toxicity, according to National Cancer Institute common toxicity criteria, were available for all patients: 206 patients in the pulses group and 205 in the no pulses group. Grade 3 to 4 hepatic toxicity rate was lower in the pulses group (30% vs 40%). However, a higher grade 2 to 3 osteonecrosis rate was found in the pulses group (n ϭ 9; 4.4%) than in the no pulses group (n ϭ 4, 2%) as well as a higher rate of pancreas enzyme elevation (n ϭ 10, 4.9% vs n ϭ 6, 2.9%) and of grade 3 to 4 infections (n ϭ 29, 14.1%, and n ϭ 20, 9.8%). Symptomatic acute pancreatitis requiring medical intervention was not seen.
Discussion
Although a subset of the patients described has been included previously in the I-BFM intergroup trial 9 that examined the value of VCR ϩ DEX pulses in continuation therapy, the EORTC-CLG presents its findings on VCR ϩ corticosteroid pulses in patients with AR characteristics after a longer follow-up.
Previous studies have shown that additional therapy during maintenance improved the outcome of patients treated by nonintensive protocols. 3, 5, 6 In the late 1990s, at a time when AR groups of patients treated by BFM-based protocols had an event-free survival of approximately 75% (ie, 15%-20% higher than in the early 1980s), the question raised whether the benefit provided by the addition of pulses in continuation therapy would hold on in patients treated with current, more intensive, regimens. The AR group of patients experiencing the greatest cumulative incidence of relapses in absolute numbers was believed to be the most appropriate patient group for the addition of pulses to the basic continuation treatment.
Because of the lower incidence of CNS relapse in patients treated with DEX 15 and the favorable result of the moderately intensive Dutch Childhood Leukemia Study Group Total Therapybased ALL VI trial, applying frequent VCR ϩ DEX pulses in non-high-risk ALL patients, 7 the EORTC-CLG as well as several groups substituted DEX for PRED in induction and maintenance. 9, [16] [17] [18] Because the expected number of AR patients randomly assigned for the pulses question was expected to be too low for detecting with a sufficient statistical power a relatively small difference between the 2 treatment arms, this randomization was closed in 2002. The EORTC-CLG group participated in the prospective intergroup study of the I-BFM and 81 patients with IR characteristics randomly assigned to receive DEX pulses were included in this intergroup trial (I-BFM-SG ALL IR 95). Conter et al 9 reported an overall 4-year DFS rate of 80.6% (SE, 0.8%) in IR patients, and no additional benefit by VCR ϩ DEX pulses on DFS was seen.
In the EORTC-CLG 58951 trial, the overall 6-year DFS rate for AR patients was 82.8% (SE, 2.8%). Despite this result, administration of VCR ϩ corticosteroid pulses led to an improvement of DFS, ie 90.6% (SE, 2.1%), which is in contrast with the results of the I-BFM intergroup trial. The effect on DFS was similar for VCR ϩ PRED pulses and for VCR ϩ DEX pulses. The slight imbalance of the initial WBC count between the 2 treatment arms had no real effect because treatment comparison adjustments for possible confounding factors (sex, WBC count, risk group) yielded results that were similar to the overall result (unadjusted comparison; data not shown).
Our data suggest that, even after major improvement of treatment results obtained through intensification of early therapy courses, a modification of continuation therapy may further improve the long-term outcome of the patients. The difference in terms of OS was less important and was not statistically significant. This may be because of the effect of second-line treatment after relapse or to a lack of statistical power in our series. The difference in patient follow-up time might partially explain the discrepancies between our results and those of the I-BFM intergroup trial. The median follow-up of the EORTC patients in the intergroup trial was only 3.3 years, whereas the current DFS result was found after a median follow-up of 6 years. Moreover, in the intergroup trial, some heterogeneity in outcome was noticed between participating treatment groups, particularly higher TRM was seen in the pulses arm of some participating groups.
Subgroup analyses suggested that girls did better than boys in the control arm and that the beneficial effect of pulses was greater in girls than in boys. Moreover, our data indicate a preferential benefit of pulses on occurrence of BM relapses in girls and on isolated plus combined CNS relapses in boys. These results have to be confirmed in larger patient groups.
The dose intensity of 6-MP is proven to be an important pharmacologic factor influencing treatment outcome. 19 The addition of pulses did not jeopardize the continuous administration of 6-MP and MTX in our study. Moreover, to ensure that patients in both arms would receive the same cumulative dose of these drugs, the duration of continuous therapy was prolonged by the number of days during which the treatment had to be interrupted. In the EORTC-CLG 58951 trial, the duration of maintenance was strictly adjusted after an interruption of chemotherapy, which was not always the case in the different study groups participating in the I-BFM meta-analysis.
Both VCR and steroids can add to the toxic effects of continuation therapy. [20] [21] [22] There was no influence of the administration of pulses on behavior, and only a slight enhancement in occurrence of grade 3 to 4 infections, osteonecrosis, and elevated pancreas enzymes were noted. A recent report on the DCOG-ALL 9 trial, 20 using intensive VCR ϩ DEX pulses, alerts to a higher frequency of infectious deaths. In our study, only 2 patients died of infection/TRM, and these children were randomly assigned not to receive pulses.
In conclusion, VCR ϩ steroid pulses during maintenance therapy are of benefit after initial intensive chemotherapy in patients with 
